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APOLLO PHOTOGRAPH EVALUATIOI4 [APE) PROGRAMMING MANUAL 
Prepared by: 
I. 3 .  Kim 
Analysis and Experiment Support Section 
TRW Systems Group 
1 . INTRODUCTION 
This programing manual preseijts ',he in format ion necessary f o r  the use 
and assessment o f  the Apol lo Photograph Evaluat ion (APE) computer program i n  
i t s  f i n a l  form (Version 9). The descr ipt ion o f  an e a r l i e r  version, which i s  
w s  tri cted i n  appl i cat ion to  1 unar o rb i  t e r  photograph evaluat ion data genera- 
t ion ,  can be found i n  Reference 1. 
APE i s  a moon-centered, mixed precision, UNIVAC 1108 computer program 
designed and constructed f o r  the generation o f  i n i t i a l  p o s t f l i g h t  estimates 
of 1 ocation, o r ien ta t ion ,  and li gk'icq o f  photographs taken w i  t h  Apol l o  
CSM-mounted cameras. The program, developed by TRW Systems Group f o r  the 
Johnson Space Center a t  Houston, Texas, i s  w r i t t e n  i n  FORTRAN V f o r  use on 
the EXEC I 1  system. 
The general a p p l i ~ a t i o n s  o f  APE are discussed i n  Section 2.1. The specia l  
appl icat ions of APE fo r  the p red i c t i on  of s t e l l a r  camerd s t a r  patterns and 
f o r  the production of data i n  support o f  ce r ta in  nonphotograpiic Apol lo exper i -  
ments are discussed i n  Section 2.2. Section 3 presents a d r '  3-i led descr ip t ion  
o f  the program structure.  Section 4 provides a l l  the in format ion requi red f o r  
proper use o f  the program. Descript ions o f  APE special  app l ica t ion  a l t e r  decks 
are presented i n  the Appendix. 

2.  PROGRAM DESCilIPTION 
2.1 GENERAL APPLICATION 
The general app l ica t ion  o f  APE i s  t o  generate support data f o r  the 
evaluat ion o f  photographic data from any of the fo l luw ing Apoll o CSM cam- 
eras: sextant, SIM-bay mapping, SIM-bay panorami c, and window mounted. 
For t h i s  appl icat ion, APE produces a standard output  tape and an on- l ine 
p r i n t o u t  o f  the photograph evaluet ion parameters l i s t e d  i n  Table 2-1. The 
format o f  the standard APE output  tape i s  presented i n  Table 4-15. Tile 
on- l ine output i s  assigned t o  FORTRAN u n i t  6 ,  whi le  the tape output i s  
assignea t o  FORTRAN u n i t  4. 
Table 2-1. Photographic Evaluation Parameter. - General Appl i cat ion  
Output Parameter - Des c r i  p ti on 
T i t l e  and page T i t l e  and page ( o r  photo f r a t .  ' lumber. 
GMT 
CTE 
1950 s ta te  vector 
Selenographi c s ta te  vector 
Sidereal t ime o f  f i l m  expos , , (year, 
month, day, hour, minute, s e ~ a l d )  -
(UT1 - USNO). 
Central c lock t ime o f  f i l m  exposure which 
i s  recorded on the f i l m  (hour, minute, 
second). 
Mean o f  1950 moon centered, i n e r t i  a1 , 
car tes i  an coordinates o f  the spacecraft  
posi ti on ( k r )  and tiel oc i  t y  (km/sec) . 
Selenographi c, instantaneous i n e r t i  a1 
car tes ian coordinates o f  vehi c l e  pos i t i on  
(km) and vel oc i  t y  (km/sec) . 
Nadi r p o i n t  (1 ongi t u d e l l a t i  tude) I n te rsec t i on  w i th  the meJn 1 unar surface 
c f  the vector from the moon's center o f  
mass t o  the spacecraft. 
Camera ax is  i n t e r s e c t  ( long i -  Pos i t ion  o f  p r i n c i p a l  i n te rsec t i on  point ;  
tude/ l  a t i  tude) i n te rsec t i on  of camera o p t i c a l  ax is  d ~ r -  
ec t i on  k : th  mean lunar  surface. 
Spacecraft rad i  us 
Spacecraft a1 ti tude 
Vector from moon center o f  mass t o  
spacecraft. 
Height o f  spacecraft  above mean lunar  
surface. 
Table 2-1. Photographic Eva1 uat ion Parameters - General Appl i cat ion  (Continued) 
Output Parameter 
- 
Scale fac to r  
Azimuth o f  vel oci  t y  vector 
Mean a l t i t u d e  r a t e  
Hori zon t a l  ve l  oci  t y  
T i l t  azimuth 
Sun e levat ion  a t  p r i n c i p a l  
ground p o i n t  
Sun azimuth a t  p r i n c i p a l  
ground p o i n t  
Subsolar p o i n t  ( longitude/ 
1 a t i  tude) 
Alpha 
Descri ? t i  on 
P ropo r t i ona l i t y  canstant r e l a t i n g  dimen- 
sions on the f i l m  t o  dimensions on the 
mean lunar  surface. 
Angle, measured p o s i t i v e  clockwise i n  
the l oca l  hor izonta l  plane a t  nad i r ,  
between nor th  and the p ro jec t i on  o f  the 
vehic le ve loc i t y  vector onto thc l o c a l  
hor izonta l  plane. 
Rate o f  change i n  spacecraft  a1 ti tude 
above the mean lunar  surface. 
Component o f  spacecraft vel  oc i  t y  para1 l e l  
t o  the lunar  l oca l  hor izonta l  p l  :.ne a t  the 
nad i r  point .  
Angle, measured p o s i t i v e  clockwise i n  the 
l o c a l  hor izonta l  plane a t  the p r i  nc ipz l  
i ntersect ion po in t ,  between nor th  and the 
p ro jec t i on  o f  a vector along the camera 
o p t i c a l  ax is  onto t h a t  l oca l  hor izonta l  
p l  ane. 
Angle between the camera c p t i  cal  ax is  
d i r e c t i o n  and the lunar  l oca l  v e r t i c a l  
a t  the nad i r  point .  
Atigle between the vector from the sun t o  
the p r i n c i p a l  i n te rsec t i on  p o i n t  and the 
l una r  l oca l  hor izonta l  plane a t  the point .  
Angle, measured p o s i t i v e  clockwise i n  the 
1 unar loca'l ho r i  zon t a l  plane, from no r th  
t o  the p ro jec t i on  o f  the vector  from the 
sun t o  the p r i nc ipa l  i n te rsec t i on  p o i n t  
onto t h a t  plane. 
I n t e r r  zc t ion  w i t h  the mean lunar  surface 
of a vector  from the moon's center o f  mass 
t o  the sun's benter. 
tlngle between the camera o p t i c a l  ax is  and 
the p ro jec t i on  o f  the l una r  l o c a l  v e r t i c a l  
a t  the p r i  nc ipa i  i n te rsec t i on  p o i n t  onto 
the plane o f  the phase angle (measure o f  
surface tilt toward o r  away from the sun). 
Table 2-1. Photographic Fval uation Parameters - General Appl i cat ion (continued) 




l iorth devi  tio on dngl e 
Phi, Kappa, Owaa 
Laser s lan t  range 
Spacecraft a1 ti tude (1 aserj  
Angle between the ci i i i i ra Y-axis and the 
project ion o f  the l i n e  between the vehicle 
nad i r  ai,.l p r inc ipa l  intersect ion po in t  onto 
tite camera X-Y plane. 
Angle between the camerz opt ica l  axis and 
the lunar locz' ve r t i ca l  a t  the pr inc ipa l  
intersect ion point. 
Angle between the camera opt ica l  axis and 
the vector fran the sun t o  the pr inc ipa l  
intersect ion pcint. 
Angle, measured pos i t ive  clockwise i n  the 
camera X-Y plane, f rom tke camera X-axis 
t o  I unar north. 
Angles nkich ro ta te  the camera axes co- 
ordinate systm i n t o  the nad i r  po in t  
centered 1 unar I ocal hor i  zontal system, 
where; 
- Primary right-handed ro ta t ion  abou+ 
the camera Y-axis 
- Secondary right-handed ro ta t ion  about 
the i n t e m d i  ate X-axis 
- Final  right-handed ro ta t ion  abcut the 
loca l  ve r t i cd l  ( loca l  horizontal Z-axis) 
( l a t e ra l  tilt) Angle f ran the loca l  hor i -  
zontal plane a t  the ~ a d i r  po in t  t o  the 
camera Y -axi s . 
(longi tudinal  tilt) Angle from the loca l  
horizonte.1 plane a t  the nadir  po in t  t o  
the camera X-axis. 
Angle, measured pos i t i ve  clockwise i n  the 
lunar hoirzontal plane a t  the nad i r  point,  
fm north t o  the p r o j e c t ~ o n  c f  the camera 
X-ax!s onto tha t  plane. 
Telemetered laser a1 t imeter readout. 
Vert ical  component o f  laser a l t imeter  
s lant  range based on the assumption t ha t  
the laser a l t imeter was aligned along 
the three-i nch mapping camera opt ica l  
axis. 
2- 3 
Table 2-1. Photographic Evaluation Parameters - General Applications (Continued) 
Output Parameter Description 
Selenographi c d i rec t ion cosines Direct ion de f i n i t i on  o f  vector from the 
spacecraft t o  the pr inc ipa l  in tersect ion 
po in t  i n  the instantaneous i n e r t i a l  seleno- 
graphic coordinate system. 
Csordi nate trans fonnati on Selenocentric coordinate system t o  camera 
matri ces axes coordinate system and loca l  horizontal 
coordinate system t o  the camera axes co- 
ordinate system. 
Photograph footpr int  
S i  gnas 
Latitudes and longitudes o f  f i e l d  o f  view 
comer po in t  project ions onto the lunar 
surface ( f u l l  f i e l d  o f  view o ~ l y  f o r  map- 
ping camera, f u l l  f i e l d  o f  view and inner 
f i e l d  o f  view for panoramic camera). 
Fi r s t  order uncertaint ies i n  selected 
camera aiming parameters a r i s ing  from 
uncertaint ies i n  camera mounting angles, 
vehicle a t t i t ude  measurements and f i l m  
exposure times. 
2.1.1 Generali zed Fixed Camera 
This model, developed f o r  consideration o f  any o f  the ear ly Apol l o  
window-mounted cameras, i s  the bzsic APE camera model. This simple, 
three-degree-of-freedom camera model, w i th  the camera axes oriented as shown 
i n  Figure 2-1, provides the program l og i c  f o r  essent ia l ly  a l l  APE geometric 
def in i t ions.  This same basic l og i c  i s  used for the APE de f i n i t i on  o f  ins t ru-  
ment-vehicle-target gearnettyy, and a l l  of its applications a f t e r  the instrument 
v u n t i n g  and control parameters are converted t o  generalized APE instrunent 
mounting angle equivalents f o r  de f i n i t i on  of the spacecraft body axes t o  
instrument axes transformation. This rede f in i t i on  i s  by way o f  the f o l l w i n g  
coordinate transformation matrix: 
where: o (RHO), y (DOQ) and 6 (WR) are the generalized 
APE camera or i ns t ru r ,~n t  mounting angles. 
2-4 
p, y and s = camera munt ing angles 
Figure 2-1. General i zed Camera Axes Coordi nate System 
Regardliss o f  the camera o r  instrunent under consideration by APE, 
the above transformation matr ix i s  appl i c d  a f t e r  the parameters o f  t ha t  
matr ix have been properly defined i n  terms o f  the mounting and control 
angles o f  the spec i f ic  instrument o r  camera being considered. These de f i -  
n i t ions are according t o  the fo l lowing formulae which ar ise from equating 
the vehicle axes t o  instrument axes coordinalx transformation [ M I  t o  the 
above [BDZCM]: 
C = tan -' (2) 
- 1 y = s i n  M 3 3 =  tan 
Generally speaking, the treatment L+ any instrument, other than a 
sfrnp:? f i xed  mounted camera without precise rhu t te r  t iming def in i t ion,  
requlres addit ional l og ic  t o  r e f l e c t  special fezturns and requirements. 
The additions required f o r  consideration o f  the various Apollo cameras and 
instruments are discussed i n  the fol lowing sections devoted t o  those par- 
ti cul a r  cameras and instruments. 
2.1.2 Sextant Camera (ISHFTR = 2) 
The Fgollo sextant camera, used only on Apollo 12 and Apollo 14, 
d i f f e r s  from a l l  other Apollo cameras i n  t ha t  i t  has time varying sextant 
shaft angle ( 0 '  ) and sextant trunnion angle ( 6 '  !. The processing o f  data 
from t h i s  camera by APE requires e i the r  tha t  h is tor ies  o f  these angles be 
input  by tape o r  t ha t  t h e i r  values a t  a l l  computation times be inpu t  on 
cards ( Input  2). When input  by tape, these h is tor ies  are included w i th  
the CSM a t t i t ude  data (pre-Apollo 15 gimbal tape format (Table 4-12)). 
When operating on sextant came;-a data, APE f i r s t  converts the carera 
mounting angles y '  , a' ,  e' (Table 2-2), whose values are e i the r  provided 
by card input  o r  are interpolated from tape input  h istor ies,  t o  the equiva- 
l en t  general camera mounting angles p ,  y, 6 by way o f  con! s i o n  formulae. 
These equivalents are then employed i n  the c o n s t r u c t i ~ n  o f  the BD2CM matr ix  
f o r  use i n  the nominal program flow (Figure 2-2). 
Table 2-2. Card Inpct  Sextant Mounting Angles 
Referring t o  Figure 2-2, the transformation (BDZCAM) i s  defined as follows: 
-cosel o sine' c o s ~ '  sine' COSY' o -sin$ 
:BWC.] = [ 0 1 0 ] [-sa.a' C;SB' 3 [ *  1 0 1 (2) 
** 
-sine1 0 -cosel siny' 0 cosyn x 
I 
Nameli s t  Input (degrees) 
a '  : Sextant shaf t  angle = CSHAFT ( rea l )  
e' : Sextant trunnion angle = CTRUN ( rea l )  
y'  : Constant os i  t i on  angle = SXLAMB (double ! precision 
i 
Internal  Variable 
( radi  ans ) 
- 
SXSHFT 
S XT RUN 
DO? 
I n  the program, the elements o f  BDZCM are  computed by equation 1 using the 
converted Q, y,  and 6 (equation 3) .  
9 = tan  - s i n 5  
C O S ~  CCSB' + sine' coty' 

2.1.3 SIM-Bay Yapping Camera 
The SIM-bay mapping camera was used on Apollo fl ights 15, 16, and 17 
and synchronized with the Apol lo s t e l l a r  camera and laser a1 timeter. Thz 
APE treatment of this  camera requires a card i n p u t  of photo frame number, 
onboard clock film exposure time and where available, laser altimeter slant 
range for each computational point. These cards, in the format shown in 
Table 4-5, are input as a chronologically ordered card deck which follows 
the control card input ($INPUS 1 ) .  The input deck must be ordered, in 
position and number, to  exactly match the vectors appearing on the input 
trajectory tape. A card containing an X i n  column 5 must be included in 
this  deck in the position which corresponds to every vector appearing on 
the input trajectory tape which does not correspond to a film exposure time. 
This appl i cation a1 so requi res that appropriate values for the mapping 
camera to s t e l l a r  camera interlock angles ex, ey, and eZ be se t  by a data 
statement a t  zequence number 178 of subroutine APECOM as 11, 12, and 13, 
respectively. These angles must be i n j u t  i n  radians. 
The mapping camera optical axis (-Z cam) l i e s  along the SIM-bay center- 
line which i s  inclined 37.75' to the Z-body axis as shown in Figure 2-3. 
Figure 2-3. SIM-Bay 3-Inch Mapping Camera Axes 
Coordinate Sys tern 
The APE program f i r s t  converts the camera mounting t o  the APE general- 
i zed  camera mounting parameters F (RHO), Y (DOQ), and s (DOR) as fol lows: 
where: g = Mapping camera mounting angle (37.75") 
The mapping camera computations are then ca r r i ed  ou t  by way o f  the 
nominal APE f low modif ied to :  
1. Transport photo frame number, onboard c lock f i l m  exposure 
time and l a s e r  a1 t imeter  s l a n t  range from card t o  output 
2. Compute v e r t i c a l  component o f  l ase r  a l t ime te r  s l a n t  range 
fo r  output 
3. Compute r i g h t  ascension and dec l i na t i on  o f  s t e l l a r  camera 
aiming ax is  f o r  output 
The APE outputs f o r  t h i s  camera are unique i n  t h a t  they include, i n  
add i t ion  t o  the standard s ~ t  c f  parameters, l ase r  a l t i t u d e ,  l a s e r  s l a n t  
range, and s t e l l a r  camera *l iming d i r e c t i o n  ( r i g h t  ascension and decl inat ion) .  
2.1.4 Apollo Panoramic Ca -\pa (ISHFTR = 4) 
The Apol lo panoramic camera was used on Apol lo f l i g h t s  15, 16, and 17. 
This camera has two operat ional modes: "stereo" and "mono." I n  the "stereo" 
mode, the  camera o s c i l l a t e d  between +12.5' forward and -12.5" a f t  o f  the 
SIM-bay center l i n e  (Figure 2-4) a t  a nominal frequency o f  10 cpm but  which 
was var ied accord.ng t o  a1 ti tude range. I n  the "mono" nude the panoramic 
camera was he ld  i n  a f i x e d  p o s i t i o n  w i t h  i t s  o p t i c a l  ax is  d i rec ted  along the 
SIM-bay center l i n e  i n  a pos i t i on  i d e n t i c a l  w i t h  the mapping camera (Figure 2-3). 
The APE treatment o f  t h i s  camera requi res a card i n p u t  o f  photo frame number 
and onboard clock time o f  f i l m  exposure f o r  each computational point .  These 
cards, i n  the format shown i n  Table 4-6 are i n p u t  as a chrono log ica l l y  
or dered card deck which fo l lows the con t ro l  card i n p u t  (RINPUTI ). The deck 
must be ordered t o  exac t ly  match, i n  pos i t i on  and number, the vectors 
* 
_ - +  appearing on the i n p u t  t r a j e c t o r y  tape. A card containing an X i n  colunn 2 
'a , '  .. , 
. C  must be included i n  t h i s  card deck i n  the p o s i t i o n  corresponding t o  every 
Forward Position 0 I I ~ ~ ~ ~ I I  mode 
Aft Position 
t )( 0 "stereo" mode 
Figure 2-4. Panoramic Camera Axes Coordinate System 
The f i r s t  character o f  the card i n p u t  photo frame nwnber designates 
camera mode and camera aiming d i rec t ion .  This designation, the  i n p u t  f o r  
the APE parameter KOPAN, determines the computational flow. I f  the desig- 
na tor  i s  V, then the  "mcno" mode f low i s  followed; otherwise, the  "stereo" 
mode f low i s  followed. 
When i n  the "mono" mode (KOPAN = V) ,  the computational f low i s  t h a t  
o f  the SIM-bay mapping camera [ISHFTR = 2)  modi f ied t o  omi t  the computations 
o f  v e r t i c a l  compgnent o f  l ase r  a l t ime te r  s l a n t  range and o f  the s t e l l a r  
camera aiming d i  r e c t i  on. 
When i n  the "stereo" mode (KOPAN = A o r  F), APE f i r s t  converts the 
C panoramic camera mounting angles 4 = 37.75 (mounting angle) and T (excursion 
angle) t o  the equivalent qeneralized APE camera mounting angles p (RHO), 
Y (DOQ) and a (DOR) as fol lows: 
2-1 1 
vector appearing on the i npu t  t r a j e c t o r y  tape which does not  correspond t o  
a f i l m  exposure time. 
p = tan -si n a  
-sin ( K T )  COS+ 1 
- 1 
y = sin [cos ( K T )  cosm] 
L = tan-' [ c?s [;! sin+] 
-sin 
where: + = 37.75" (nominal ) 
T = 12.5' (nominal) 
K = Switching constant 
= -1 when KOPAN = F 
= +I when KOPAN = A 
The outputs for this camera are unique i n  that they include an addi- 
tional s e t  of f ie ld of view corner point locations (inner f ie ld of view). 
Stel lar  camera aiming axis right ascension and declination and laser altim- 
e te r  and slant range are omitted from the output. 
See Appendix A.l for a description of the al ters  required for the 
operation of this program option. 
2.2 SPECIAL APPLICATIONS 
Special applications of the APE program will produce predictions of 
s t a r  patterns within the &pollo s t e l l a r  camera f ie ld of view a t  specified 
film exposure times or  support data for the Apollo IR scanner and lunar 
sounder experiments. These applications a l l  deviate from the generalized 
APE applications in some combination of i n p u t ,  computational, or output 
requi wments. 
2.2.1 Apollo Stel lar  Camera (ISHFTR = 3)  
This special application of APE locates and computes the diapositive 
coordinates of the brightest BOSS numbered :tar in each of 16 equal sectors 
of the Apollo s t e l l a r  camera field of view a t  specified film exposures 
times. This, a time consl~ming application, was used to  establish one or  two 
s t a r  patterns for each Apol lo  s t e l l a r  camera photographic sequence. 
For t h i s  application, APE f i r s t  defines the generalized APE camera 
mounting angles P, y, and 6 i n  terms o f  the SIM-bay mapping camera mounting 
angle ( 4 )  and the map t o  s t e l l a r  camera in ter lock angles ex, ey , and eZ. 
These in ter lock angles are input  t o  APE by way o f  a data statement a t  
sequence number 178 o f  subroutine APECOM, where these angles are defined i n  
radians as 11, 12, and 13, respectively. Following t h i s  de f i n i t i on  o f  P,  
y, and t i ,  the APE computational f low i s  i d e n t i ~ a l  w i th  tha t  f o r  the SIM-bay 
mapping calera through the de f in i  ti on o f  the s te l  1 a r  camera aiming axis 
direct ion. A t  t ha t  po in t  the calculat ions deviate t o  a plagram overlay f o r  
access t o  the s ta r  catalog search subroutine STARRD. The overlayed program 
structure i s  used t o  access a maximun amount o f  core f o r  the b i - leve l  s t a r  
catalog search t o  increase the computational speed. 
I n  the f i r s t  level  o f  the STARRD s ta r  catalog search, APE transfers 
a l l  stars w i th in  APE computed ranges o f  mean o f  1950 r i g h t  ascension and 
decl ination from the input  Apollo photo evaluation s ta r  catalog tape t o  
computer core. I n  i t s  second level  o f  the STARRD search, APE selects from 
i t s  stored stars the br ightest  one i n  each o f  16 equal sectors o f  ttre s t e l l a r  
camera f i e l d  o f  view a t  f i l m  exposure t ime .  These are then on-line p l o i ~ d ,  
using APE computed s t e l l a r  camera diaposi t i v e  coordinates. This p l o t  i s  
followed i n  the output by a tabulatit i; 2f the p lo t ted  stars; the s ta r  iden t i -  
f i ca t ion  (SAO and BOSS number), the s ta r  d i  aposi ti ve coordinates, and brightness. 
This appl icat ion requires the input  o f  an addit ional tape on u n i t  X 
which i s  the Apollo Photograph Evaluation (APE) s ta r  catalog. This catalos, 
an extract ion from the June 1967 SAO s ta r  catalog binary tapes, was prepared 
by TR'rl Systems Group and contains data only f o r  those s tars  which have a 
photographic brightness o f  s i x  o r  br ighter  and which have been assigned a 
BOSS catalog number. The data f o r  each star, presented i n  the format de- 
scribed i n  Table 4-14, include SAO and BOSS catalog i den t i f i ca t i on  numbers, 
along w i  t h  selected parameters tha t  enter the APE computations. 
Depending on the composition and arrangement o f  the APE inpu t  deck, 
s ta r  pattern predict ions f o r  any number o f  f i l m  exposures f o r  a given Apollo 
s t e l l a r  camera photographic sequence can be obtained, e i t he r  iso la ted from 
o r  i n  conjunction with, the APE processing o f  the companion SIM-bay mapping 
camera data, wi th a s i n g l t  multi-execution o f  the program. The input  deck 
must contain, f o r  each s ta r  pattern requested, a complete $INPUT1 , s t e l l a r  
camera card deck, preceded by a t i t l e  card and followed by the map camera 
data card corresponding t o  t b ?  f i l m  exposure o f  the request and then by 
another t i t l e  card. Each o f  these $INPUT1 decks must contain the fo l lowing 
inputs : 
ISHFTR = 3 
I S S E Q I  = Corresponding map camera photograph number 
ISSEQF = Number beyond f i n a l  photograph o f  the sequence 
I S H U  = -5 ( a l l  except f o r  the f i n a l  case) 
When the APE appl icat ion i s  fo; a series o f  s t a r  pat tern predictions, 
the required $INPUT1 card decks must be chronological ly ordered w i th  no over- 
lap o f  the in terva ls  defined by the input  s ta r  and stop times. Processing 
o f  the companion SIM-bay mapping camera data can be accomplished i n  the same 
mu1 t i-execution o f  APE by inc luding i t s  $INPUT1 card deck as the f ina l  input  
deck. 
2.2.2 Infrared Scanning Radiometer (S-171) 
This special APE appl icat ion produces support data f o r  the Apollo i n f r a -  
red scanning radiometer experiment used during Apollo 17 f l i g h t .  For th i s  
special appl icat ion of APE, KO addit ional card inputs are required, but  the 
input  t ra jec tory  tape must be the ngnstandard HOPE special format 3 tape xhich 
contains, i n  addit ion t o  the standard APE input  t ra jec tory  synchronized wi th  
the I R  radiometer scan center crossings, the instantaneous IR scanner radio- 
meter shaf t  ro ta t ion rate, U, i n  radians/second a t  each t ra jec to ry  time po in t  
Tc i  The ro ta t ion rates are double precision words added as DUM82(44), the 
44th double precision word o f  each format 3 t ra jec to ry  data record. The 
nonstandard format 3 t ra jec tory  tape can be prepared by the HPEINT program 
(see Reference 2). 
The I R  scanner mout,ting angles are set  i n  the APE program as RHO = p 
= 270.0 degrees, DOQ = = (90.0 - 4 )  degrees, and DOR = 6 = 90.0 degrees; 
where the $ = P H I I R S  should be input  through the nmelist/INPUTl/ i npu t  i f  
i s  nc t  zero. The SIM-bay In f rared Scanning Radiometer r o l l  pos i t ion angle, 
PHIIRS' = c p ,  i s  40.416667 degrees f o r  Apollo 17. Geometrically, t h i s  angle 
i s  the iame as the SIM-bay mapping camera mounting angle (Figure 2-3), 
d i f f e r i ng  only i n  magnitude. 
This special app l ica t ion  of APE deviates from the generalized APE pro- 
gram f low only i n  the compositions and formats o f  the  on l ine  and tape outputs. 
The on l ine  outputs i s  a t runcat ion o f  the standard APE output, w i t h  01:tputs 
f o r  each computational p o i r ~ t  r e s t r i c t e d  t o  cornwtational po in t  nunber (frame 
number), computational  ti;^ (CTE i n  hours, ~~irruie', and seconds and GMT i n  
years, months, days, hours, minutes, and s e c  ' j , spacecraft s ta te  vector 
(km and km/sec) as defined i n  both the seler h i  c and t5e n:odn o f  1950 
moon centered i n e r t i  a1 coordinate systems. -: ~e output i s  composed o f  
three parts, a s ing le  leading t i t l e  record, a v a r i ~ b l e  nunoer o f  data records, 
and a concluding f l a g  record. The formats o f  the t i t 1 2  record and the f l a g  
record are the same as t h a t  of HOPE t r a j e c t o r y  tape (format 3) o r  APE standard 
D-output tape. The format o f  the data record i s  def ined i n  such a way t h a t  
each physical record contains nine l o g i c a l  records and each log i ca l  record 
consists o f  28 s i t q l e  prec is ion  words as shown i n  Table 4-16. 
2.2.3 Lunar Sut- i der  
---- 
This special app l ica t ion  o f  APE i s  f o r  the production o f  synchionized 
spacecraft s ta te  vector and a t t i t u d e  data f o r  support o f  the Apollo Lunar f 
Sounder experiment. With the exception o f  the program a l t e r  deck spec i f ied  
i n  Appendix A.2, the "puts required are i den t i ca l  w i  t.h the Q I?!T't? f o r  the 
SIM-bay mapping camera. For t h i s  appl icat ion,  data cards are no t  required. 1 
The only deviat ion ?rom the generalized APE program f low i s  i n  the on l ine  
p r i n t  and tape outputs. The on l ine  p r i n t  f o r  each computational po in t  i s  
r e s t r i c t e d  t o  computational time (CTE and GMT), spacecraft s ta te  vector 
(inean o f  1950 and selenographic) , nad i r  p o i n t  posi t i o n  (1 a t i  tude and 1 ongi - 
tude) , and spacecraft gimbal angle values. These same paramters, excluding 
CTE, are output t o  two tapes assigned t o  u n i t s  E and F. The output  to the 
E tape i s  formatted fo r  subsequent t rans la t i on  t o  a 9-track EECDIr tape f o r  
use as i npu t  t o  an I E M  360 computer program. The output t o  the F tape i s  
unfomatted binary. Both output tapes are 7 track. Tape outputs are as 
defined i n  Tables 4-17 and 4-18. 

3. P!tOCYtPH STRUCTURE 
The APE main program, APEVAL, can be executed only by cal l i n g  the 
MAP (Plemory Allocation Processor) Tl . I t  specifies program part i t ioning and 
core allocation. APELA1 allocates core t o  the progran overlay only when 
necessary; otherwise, i t s  core allocation i s  restr icted to APECOn and i t s  
supporting subroutines. The APEVAL flow i s  shown i n  Fiyure 3-1. 
@ 
Fi gum 3-1. APEVAL Program Flow 
3.1 OVERLAY STRUCTURE 
The use of APE f o r  the Apollo s t e l l a r  carnerd requires a program overlay 
structure. This i s  due t o  the amusually high core requirements o f  the s ta r  
catalog search, s t a r  coordinate def in i t ion manipulations, and s ta r  pat tern 
p l o t  construction. 
I ! i th these high core demands, any at tenpt  a t  s ingle l i n e  a l locat ion 
w i l l  resu l t  i n  core mnenory overflow. 
For Code For Data For Blank Common 
Segment f 1 
001 4000 APEVAL 
0961 101 01 63633 
I I 



















Figure 3-2. Overlay Structure f o r  APE 
APE i s  par t i t i oned  as shown i n  Figure 3-2. The f i r s t  segment contains 
APEVAL, WY, and VECT. The core locat ion assianments i n  octal  f o r  t h i s  
segment are 0014000 t o  0023214 f o r  the code, fm~~ 0061101 t o  9063471 f o r  the 
data, and from 0163633 t o  0163777 f a r  the blank c m .  
The second segment contains APECM and 17 other subroutines. The core 
locat ion assignments f o r  t h i s  segment are from 0023215 t o  0056263 f o r  the 
code and from 0063472 t o  00163604 f o r  the data. 
The t h i r d  segnent includes STARRD, PLTST, PLOT, LPLOT, and SORT. The 
core locat ion assignments f o r  t h i s  segment are 0023215 t o  0030177 f o r  Code 
and fra 0063472 t o  0076771 f o r  data, 
The second and t h i r d  segments overlay each other i n  APEVAL f o r  the 
Apol l o  s t e l l a r  camera case ( f o r  the case o f  ISLT 1 ,ISHFTR = 3). 
3.2 SUBROUTINE DEPENDENCIES 
This subsection contains a dependency chart o f  APE elements and a 
dependent element cross-reference table. I n  both cases the entry po in t  name 
has been used instead cf the element name where the entry po in t  name d i f f e r s  
from the element name. 
3.2.1 Dependency C h a r t  
APEVAL - APECON 7- CROS 
DMPY 1 EBD 
EPHEM EREAD 7 EREADl 
EPHEMI ERE AD 
EREADl 
EULER 
U N I T  
I 
DMPY 7 U N I T  
P IMDIR  - LODBUF 
I- - ENUTE ERE AD -IT EREADl 
t ROTAT2 - ENUTE EREAD EREADl 
ROTMAT - DMPY 
- SGP2LH 
SIGCAL - DMPY 
TMEX 
TPSKI  P 








3.2.2 D e p e n d e n t  E l e m e n t  C r o s s - R e f e r e n c e  
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R e f e r e n c e d  By T h e s e  E l e m e n t s  
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APECOM E\AL FOOTPR ROTMAT SIGCAL STARRD 
APEC0F.i 
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APECOM EVAL FOOTPR 
APECOM EVAL STARkD 
3.3 VARIABLE DEFINITIOIIS 
Any var iable i n  a subroutine can be c l a s s i f i e d  i n  various ways. For 
example , 
a. Common var iable (cv)  
b. Input/output var iable in to/ f ro in ( Is/Os 
each sub;.outine 
c. APE program input  var iable ( I v )  
d. APE program output var iable (cv) 
e. Unused var iable ( l e f t  over from 
previous version) (TV 
f. In terna l  var iable i n  each subroutine (sv) 
I n  t h i s  document, the above example convention has been adopted and the 
abbreviated synbols i n  the parentheses w i l l  be used i n  t h i s  and l a t e r  sections. 
I tem (a), the c o m n  va r i  ables, i s  1 i sted under each c o m n  block name 
i n  Section 3.4. 
Item (b), the i npu t  and outpct  variables under each subroutine s u b t i t l e  
o f  the few selected p r inc ipa l  subroutines, w i l l  be discussed i n  d e t a i l  i n  
Section 3.5. 
I tem (c), the APE program inpu t  variables supplied t o  APE by way o f  
namelist, i npu t  data card, o r  i n p u t  tape, i s  discussed i n  d e t a i l  i n  Section 4.1. 
Among those I S  variables, a number of dunmy program inpu t  variables are ident-  
i f i e d  and l i s t e d .  Table 4-4 i s  a l i s t  o f  the TV variables. 
Item (d), the APE program output ~ a r i a b l e s  which are w r i t t e n  by APE on 
output uni ts ,  tape, o r  on- l ine (but  no t  on punched card fonn), w i  11 be d is -  
cussed i n  d e t a i l  i n  Section 4.2. 
Item (e), thc unused variables which are present i n  the various subroutines, 
w i  11 be discussed together w i t h  special  cases o f  i terns a, b, c, o r  d. The TV 
varidbles must be i d e n t i f i e d  i f  they also are I V  o r  IS. This i s  necessary, 
because the TVs are not  hidden l e f t  over variables but  are v i s i b l e  i npu t  v a r i -  
ables which need t o  be iden t i f i ed .  
Item (f), the in te rna l  var iables i n  each subroutine, w i l l  be discussed 
only i f  they are computed i n  the subroutines described i n  Section 3.5. I n  t h i s  
document, SV  includes OV bu t  excludes I V .  
3- 6 
3.4 COMON VARIABLES 
APE has 19 comnon blocks inc lud ing  a blank comnon b u t  uses only  the 
blank comnon and 11 labeled comnons. The comnon b1ocl:s use3 are l i s t e d  
be1 ow. 
7 o m n  Label Name 
blank comnon 
AE T 










El  emen t s  Referenced 
-
APECOM EV.4L STARRD 
APECOM EVAL 







APEC.V EVAL FOOTPR 
APET.6, I SIGCAL 
PLTST STARRD 
The fol low seven comnon blocks are n o t  used and are given no f u r t h e r  
consi dera t i  an here. 
Unused Comnon E l  emen t s  Referenced 
UCBIG APECOM EBD 
B CMAN APECOF! EBD 
BDNP EBD 
BCNPTS APECOM EBD 
BCR EB D 
BCTGT APECOM EBO 
MASTER APE COM 
n . .  
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3.5 SUBROUTTVE DESCRIPTION 
This sect ion b r i e f l y  describes each o f  the 27 elements used by APE. 
APE has one main program, APEVAL, the element w i t h  an as ter isk  (*) : one 
MAP, TI ,  the elements w i t h  blocks; 25 subroutines which have 39 en t ry  po in ts  
a l l  together; and one funct ion rout ine,  PIMDIR, which i s  underlined. Those 
w i t h  pa-nthescs, such as (EPHEMI) a r  (ENUTE), are the additions: rou t ine  
en t r i es  which d i f f e r  from the element name. 
Name o f  Element Descr ipt ion 
AP ECOM Computes vehi c l  e- i  ns trunent-moon geometry 
and t a r g e t  l i g h t i n g  
APEVAL* Main d r i v i n g  program o f  APE 
DMPY Mu1 ti p l  i e s  double prec is ion  matr ices o f  
the form A*B 
EB D I n i t i a l i z e s  the  constant a r ray  
EPHEM 
(EPHEMI ) 
( ENUTE ) 
ERE AD 
(ERE AD1 ) 
E ULE R 
Reads and in te rpo la tes  JPL p l  anetary 
ephemeris 
Reads the data record conta in ing the date 
from JPL ephemeris tape 
Computes Euler  angles from the LH2CM ro ta-  
t i c n  mat r ix  
E VAL Output pracessor o f  APE 
FOCTP R 
LODBUF 
Computes the f o o t p r i n t s  which are the pro- 
j ec t i ons  o f  po in ts  on the photo format onto 
the mean lunar  surface 
Reads and bu f fe rs  the i n p u t  t e l e m e t ~ r e d  
data 
LPLOT Loads p l o t  array f o r  s t a r  pat tcr r !  
MATIN Matr i x invers ion rou t ine  
A mu1 ti -entry  po in t ,  ma t r i x  operations 
rou t ine  
Subtract ion : C = A-8 
Addi t ion : C = AtB 
Move and copy : C = A 
Transpose C = A T  
Mu1 t i p l i c a t i o n :  C = A*B 
3-26 
Name o f  Element 
P I M D I R  
bescr ip t ion  
A four  p ~ i  n t  i n te rpo la t i on  funct ion 




P lo ts  an onl ine s t a r  pa t te rn  
Tabulates data f o r  p l  o t t e  : s ta rs  
Rotates a vector from one time based co- 
ord inate system to  another 
( ROT AM2 ) Computes r o t a t i  on nratri ces necessary t o  
r o t a t e  from one coordinate system t o  
another coordinate sys tem 
Computes Gwenwi ch hour angle 
P ~ t a t e s  the czmera axes coordinate system 
aoolrt i t s  Z-axis t o  pos i t i on  i t s  X-axis t o  
1 i e w i  t h i n  45" o f  the vel  oc i  t y  vectclr 
d i  r e c t i o n  
SGPZLH 
S I GCAL 
Computes SG2LH r o t a t i o n  ma t r i x  from 
selenographi c  i ?put vector 
Sorts the s t a r  array i n  preparat ion f o r  
the s t a r  pa t te rn  p l o t  
Read; s t a r  catalog tape and select -  the 
b r i g h t e r  s ta rs  w i t h i n  the s t e l l ~ r  camera 
FOV 
STARRD 
Calculates p a r t i  a1 der; v a t i  \le terns f o r  
the sigma d e f i n i t i o n s  
SUBPAC 
MAP f o r  the p a r t i t i o n i n g  and cver1a:lincj 
o f  APE 
Skips pseudo end-of-f i  l es  (EOR) c f  HCPE 




C ~ n v e r t s  year, month, day o f  Ju!ian date 
A mu1 t i - e n t r y  point ,  double prec is ion  
vector  operat ior  r c u t i  ne 
V3 = Un i t (V, ) 
- 
e = V- V2 
I 
- V3 = v1 F2 
v3 = aT1 




The fo l l ow ing  ,?re b r i e f  s t r uc tu red  descr ip t ions  o f  t he  .four major 
computational elements a f  APE. These are the subroutinec APEGOMY EVAL, 
STARRD, and FOOTt'R. 
3.5.1 APECOM 
PURPOSE - Computes photo analys is  support  data from veh i c l e  t r a -  
j e c t o r y  and a t t i t u d e  in fo rmat ion  
COMMON - /blank/,  /AET/, 1' CGENII, /CONST/, /EVIN/, IGDPTtV, 
/KOPAT4/, /OYEGAI/ , /PAP/, /SSTOCM/ , and /SIG\JPR/ 
(unused comon : MASTER, BCBIG , BCMAN , BCMPTS, PCTGT) 
USAGE - Ca l l  APECOM (ISLT, ASTAR, ZROT, CTM, STM) 
( I S )  - C a l l i n g  sequence: none 
- Comnon : none 
(0s) - C a l l i n g  sequewa: = 0 w i t h  n3 r t e l l a r  camera 
= 2 w i t h  stcl l a r  camera 
ASTAR(I ,: ) . . . (3,3) = BD2CM(1,1) . . . (3,3) 
= TV ou tpu t  
I 
= T'J ou tpu t  
CTM TV namel is t  i n p u t  (INPUT'') 
= TV ou tpu t  
S PI = TV namel i s t  i n p u t  (INPUT1 ) 
= TV ou tpu t  
- Cormon (blank) : I P S  = TV 
ALOW 
- 





MTAPE = S ta r  cata log tape u ~ i t  cumber 
= 1 V  t h r o u ~ h  camel i s t  (INPUT1) 
DELT = TV = TV i!utpl;t 
ERILL = n o t  CV = TV ou tpu t  















!" JTIIiES REQUIRED - PIMDIR, EBD, EPHEM, FSBSI-I, TPSKIP, NTRAN, 
TMEX, EVAL, mFU4, DMPY, ROTAM2, SGPZLH, EULER, 
ROTMAT, WIT, FOOTPR, MATIN, EPHEMI , EXIT, 
ROTAT2, VDOT, CROS, SIGCAL 
TSES REQUIRED - Uni ts 2nd descriptions: kiJPL19), B(FOPNAT3 
TRAJ), C(G1MBAL) , and 
D(APE output) 
- Tape rewind a t :  209C 2160 223B 976A 
141 80 
- Tape end o f  f i l e  at:  1419D 
- Tape read a t :  262C 324B 3478 
- Tape w r i t e  a t :  329D 
ONLIVE OUTPUT - A t :  221 265 340 342 350 
377 406 433 877 879 
979 1018 1059 1062 1064 







- The APE output processor which converts units, 
formats, and wr i tes  the photo evaluation support 
data f o r  onl ine p r i n t ou t  and output t o  the tape 
assigned t o  u n i t  D. 
- /blank/, /AET/ , /BCGENI/, /CONST/, /EVIN/, 
/KOPAN/ , /OEGAI / ,  /PAP/, and /SBTODM/ ( a l l  
comnon blocks are used e f f ec t i ve l y  i n  subroutine 
EVAL) . 
- Call  EVAL 
- Ga; , ~ n g  sequence: none 
- C m n :  a11 above nine c m n  blocks 
- Cal l ing  sequence: none 
- Comnon: none 
- A = Semi-major axis o f  vehicle path (km) 
ALPHA = Ref lec ta l~ce 1 ongi tude 
ALT = Veh ic lea l t i t ude  
C = Magnitude o f  -ZJ 
DAN = North deviat ion angle 
E = Eccen tri c i  ty o f  vehi c l  e orb i  t 
EPS = Emi;sion angle 
F = Camera focal length i n  same un i t s  as 
C 
HDOT = Mean a l t i t ude  rate (km/sec) 
LATLIR = Lati tude o f  app;oximate IR scanner 
l imb crossing (leading) 
LATTIR = Lati tude o f  approximate I R  scanner 
l imb crossing ( t r a i l i n g )  
LONLIR = Longitude o f  approximate I R  scanner 
l i n b  crossing (leading) 
LONTIR = Longi iude o f  approximate I R  scanner 
1 imb crossing ( t r a i  1 i ng) 
NU = True anomaly 
P = Semi- iatus r e c t m  o f  the vehicle o r b i t  - \ 
- 1 R = Vehicle radius 
RDOTSG = Vehicle ve loc i ty  vector (selenographi c) 
RHO = Phase angle 
ftM = Local lunar radius 
RSG = Vehicle posi t i o n  vector (selenographi c) 
SF = Scale fac tor  
SG2CM = Transformation matr ix SGTOCM 
SSLN = Longitude o f  subsolar po in t  
SSLT = Lat i tude o f  subsol a r  po in t  
SUNELV = Sun elevation angle 
SUN I T  = Sun uni t vector (sel enographi c) 
WING = Swing angle 
TH = Angle from instrument aiming axis a t  
scan center time t o  the mean lunar 
hor i  zon 
TL = T i  1 t t o  leading hor i  zon 
TT = Ti1 t t o  t r a i l i n g  horizon 
UM = Moon grav i ta t iona l  constant 
VAZ = Azimuth o f  ve loc i ty  vector 
VTHETA = Hori zontal vel oci  t y  (ianlsec) 
ROUTINES REQUIRED - VDOT, CROS, UKIT, and DMPY 
a TAPE REQUIRED - Un i t  and descriptions: @(APE output) tape 
- Tape operation: None 
- Tape read: None 
- Tape w r i t e  a t :  485D, 490D 
• OllLIflE OUTPL! - A t :  266 272 276 282 299 
301 318 322 326 330 
334 338 342 346 363 
365 369 373 377 380 
384 388 392 395 400 
403 406 410 415 421 
424 426 431 440 
3.5.3 STARRD 
o PURPOSE - Reads the s t a r  catalog tape and selects from 
i t  the br ighter  stars ,ti  the values o f  r i g h t  
ascension and decl inat ion w i  t h i n  the s t e l  1 a r  
camera f i e l d  o f  view. 
0 C O P F i I  - /blank/ and /STRECD/ 
USAGE - Call  STARRD (ISLT, BD2CM, ZROT, CTF1, STM) 
(1s) - Cal l ing sequence: ISLT = 0 v i i  t h  no s t e l l a r  camera 
camera 
= 2 w i t h  s t e l l a r  camera 
BDZCM(1,l) . . . BD2CM(3,3) = TV 
i nput 
ZROT(1 ,l]...ZROT(3,3) = TV 
inpu t  
CTM = TV input  
STM = TV i npu t  
- Comnon (blank): I P S  = TV 
ALOW 
- 




DH I GH 
MTAPE 
DELT = TV 
BRILL = no t  CV = TV inpu t  
INUM = no t  CV = TV i npu t  
TEMPG 
RA2E R 











(0s - Cal l ing sequence: None 
- Comnon (STRECD) : C(1,l) ... C(5,200) = OV but  
not  OS o r  CV 
ROUTINE REQUIRED - DWY, VDOT, PLTST 
TAPE REQUIRED - Units and descriptions: N A P E  ( s t a r  catalog 
i n p ~ t  taps) ; usual l y  
MTAPE = 4 for  X-tape 
- Tape rewind at :  33X, 65X, 131X 
- Tape backspace at :  37X 
- Tape read at :  41 X 
- Tape write: None 
ONLINE OUTPUT - A t :  71, 76, 112, 115 
3.5.4 FOOTPR 
PURPOSE - Calculates 1 a t i  tudes and longi  tudss o f  photo 
foo tp r in t  boundary points. 
USAGE - Call  FOOTPR (PSG, DUM82, DWI ,  3L1, DI ,  CFL, 
CFOOT, RMOON) 
(1s) - Cal l ing sequence: PSG(1 ), (2) , and (3) 
- 






CFL = Camera l'ocal length 
-
RMOON 
- Comnon (SGTOCM): SGZCM(1,l) ...( 3,3)  
(0s) - Cal l ing sequence: CFOOT(1). . . (8) 
- Comnon: None 
ROUTINES REQUIRED - DMPY, UNIT 
TAPE REQUlRED - None 
ONLINE OUTPUT - None 

4. USER'S GUIDE 
This sect ion presents information, i ns t ruc t i ons ,  and requi rernents f o r  
execution o f  the APE program on a UNIVAC 1108 computer. I t  includes descrip- 
t i ons  o f  the requi red system conf igurat ions and o f  a l l  card and tape inputs 
f o r  the various APE app l ica t ion  types. I t  also includes i ns t ruc t i ons  f o r  the 
preparat ion and assembly o f  a l l  requi red APE inputs. 
The UllIVAC 1108 system conf igurat ions requi red f o r  the execution o f  
APE are shown i n  Table 4-8. For the general app l ica t ion  o f  APE, the requi red 
conf igurat ion i s  achieved through the fo l low ing UNIVAC 1108 u n i t  assignments. 
U n i t  A - JPL ephemeris (Fastrand f i l e )  
U n i t  B - HOPE t r a j e c t o r y  tape (format 3) 
Un i t  C - Vehicle a t t i t u d e  data tape 
U n i t  D - Output data tape 
U n i t  Z - APE PCF tape 
The APE i n p u t  deck ,=up f o r  the general app l i ca t i on  i s  shown i n  
Figure 4-1. The add i t iona l  110 requirements f o r  speci a1 app l ica t ions  o f  
APE are sumnarized i n  Table 4-1. 
The APE program i s  ava i lab le  on two TRW 800 bpi,  7-track magnetic 
tapes: TRW00157 and TR1.IOC163. These tapes are ava i lab le  i n  the TRW ancient  
tape l i b r a r y .  The f i r s t  f i l e  o f  these tapes contains a l l  re loca tab le  e le-  
ments wh i le  the symbolic elements are contained on the second f i l e .  
Tape TNJ00157, the primary APE program tape, can be operated w i thout  
any a l t e r s  f o r  the generation o f  support data f o r  CSM mounted cameras. 
Support data f o r  the panoramic camera and the l una r  sounder i s  obtained by 
use o f  the proper a l t e r  decks described i n  Appendix A. 
Tape TRIJ00163 i s  used only  f o r  IR  scanney appl icat ions. 
4.1 INPUT 
The i n p u t  deck setup requi red f o r  execution o f  the general i zed APE i s  
shown i n  Figure 4-1. The de ta i l ed  requirements f o r  card and tape inputs  are 
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4.1.1 Card Inputs 
The on- l ine i n p u t  data card decks requi red f o r  the execution o f  APE 
vary i n  content and order according t o  the program appl icat ion.  This i s  
t rue  f o r  general as we l l  as special  appl icat ions s ince the i n p u t  mode f o r  
two kinds o f  i n p u t  data i s  opt ional  regardless o f  the app l ica t ion  type. 
Trajectory and vehic le a t t i t u d e  data may be i npu t  e i t h e r  by card o r  tape. 
Table 4-2 presents, i n  proper sequznce f o r  a general ized APE appl icat ion,  
the basic elements o f  the APE i n p u t  data deck. The various i nd i v idua l  
inputs o f  each o f  these elements are def ined i n  Tables 4-3 through 4-7, 
4.1.2 Titpe 
A l l  the i n p u t  tapes f o r  APE are w r i t t e n  i n  UNIVAC 1108 FORTRAN V 
b inary format on 7-track, h igh densi ty  (800 bpi ) magnetic tapes. The tape 
conf igurat ion f o r  APE i s  shown i n  Table 4-8. The f i r s t  three tapes, A, B, 
and C, are the i n p u t  data tapes fol- a general app l ica t ion  o f  APE. Tape X, 
the Apol lo photo evaluat ion s t a r  cata log (TRW00158), i s  the input  s t a r  cata log 
f o r  the speci a1 s t e l l a r  camera APE appl icat ion.  The D-tape can be the out- 1) 
pu t  tape f o r  e i t h e r  general 0;- specia l  appl icat ions o f  APE. The 1 a s t  tape, 
Z, i s  the APE PCF tape (TRWXXXXX). 
4.1.2.1 JPL19 Ephemeris on Fastrand F i l e  
The JPL ephemeris contains two in format ion records a t  the beginning 
o f  each tape fol lowed by the data records. The format f o r  the data records 
i s  l i s t e d  i n  Tabi 3-1, Section 3.2 o f  Reference 3. The step s i ze  o f  the 
l o g i c a l  data record i s  8.0 days. A l l  data, w i t h  the exception o f  those f o r  
nutat ions, are double prec is ion  so t h a t  the t o t a l  record s ize  i s  1862 words. 
The Ju l i an  date i s  the epoch (Ephemeris T i m ,  ET) o f  the s t a r t  o f  the 
data record. Lunar pos i t ions  and v e l o c i t i e s  are re fe r red  t o  the ge,centric 
e q ~ l a t o r i a l  rectangular  reference frame o f  the  mean equator and equinox o f  
c' 1950.0 = JD 243,3282,423. 
I f  da ta  a r e  required f o r  a p a r t i c u l a r  epoch i n  universal time (UT), 
the time correct ion DETUT = ET-UT must be spec i f ied  through the namelist  
input  (IIJPUT1 ) , i n  minutes. 
Table 4-2. Generalized Input Data Card Sztup 
Remarks 
For a l l  cases 
For a l l  cases 
For appl ica t ion  t o  
photographic data  with 
ISWFTR=2 o r  3 
For a l l  cases of 
IFLAS=O or  IFLAG=2 
only 








F i  f t h  
Description of Input 
Data Card Group 
Ti t17  card 
name1 i s t/INPUTl/ 
input  cat-ds 
SIM-bay mapping/ 
s t e l l  a r  camera data  
cards 
namelist/IliPlJT2/ 
input  cards 








Table 4-3. F i r s t  Data Card Group ( T i t l e  Card) 
Read i n  a t  Sequence #212 o f  subrout ine APECOM w i t h  Format #I890 as 
(4A6,16 j. 
I n p u t  
V c ~ i  ab le  
-- 
Col umns Format Des c r i  p ti on 
PREFIX(1) 1-6 A6 TITLE(l) ,  t he  f i r s t  word o f  the 
ti t l e  , as CVJPAPJ. 
PREFIX(2) 7-12 A6 TITLE(2), t he  second word o f  the 
t i t l e  - as CVJPAPJ. 
22 (1) 13-1 8 A6 TITLE(3), the t h i  r d  word o f  the 
t i t l e ,  as CV/PAP/. 
22 ( 2 )  19-24 A6 TITLE(4), the f o u r t n  word o f  the 
t i t l e ,  as CV/PAP/. 
Table 4-4. Second Data Card . lp (N~mel i s t  Input/:NPUTl/ 'I 







TypelInput Val ue(Uni t )  
Tile Ilcon-Sun vector i n  astro- 
nomi ca l  uni t s  
d. p./149,597,900(km) 
High b i t  ra te,  o,?ly f o r  Apo1:o 
10, 12, and 14 
I FL = format length f~:.  Apoi lo i f?E!;li/ (mn) 
photo frame I 
FW = fotmat width fat' Apol l o  I photo frame IReal/ 
Getl/.02~l!sec) 
Low b i t  ra te,  only f o r  Apcl!o 
10, 12, and 14 
CFL 1 Focal length I Real l  (m) 
i leal/ . lU( l /sec)  
S t e l l a r  camera h a l f  an l e  o f  
view along Xs ( forward 3 
I S t e i l a r  camera h a l f  angle o f  





Onboard clock zero (GMT) 
minus ranga zero (GMT) 
DUM32(1). . . (82)  h he f i r s t  82 double prec is ion  
'words o f  the data recbrd o f  




Dif ference between ET (Ephem- 
e r i s  Time) and UT (Universal 
Time); (ET-UT) i n  minutes 
d.p./sec 5 4.1.2 
FL 
I i J  
I 
I 
3 2 Moon ' s grav i  + a t i  onal constant Rea1/4902.58(km /sec ) 
d.p./ imin) 
Format length f o r  Apol lo 
photographic frame 
Fobmat eridth f o r  Apollo 
photsgraphi c frame 
Input  f l a g  designat ing source I/ (r4.D.) 
of telemetered gimbal and 
I vehic le s t a t e  data 
Table :-4. Second Data Card Group (Continued) 
(Nanleli s t Input/INPUTl/) 
Innu t  
Vari able I I Descr ip t ion 
I= 1 f u r  gimbal data throzgh 
I tape, t r a j e c t o r y  data 
i through cards i 
IFLAG (coiit inued) = 0 f o r  gimbal dats through 
cards, t r a j e c t o r y  d;ta 
I 
through ca.rds 
= 3 f o r  qi; l~oal data through 
tape, t r a j e c t o r y  data 
through tape 
= 2 f o r  gimbal data ',]rough 
cards, t r a j e c t o r y  data I through tape 
' 
I 
I GMFLE 'Number o f  f i l e s  t o  be skipped I or, the gimbal data tape 
1 
I/ (N.D.) 
IINliER(1) & (2 j 
I 
I 
IINNER(3) & (4 )  
I 
Word locat ions o f  i nne r  gimbal 
angl,? i n  downlink b u f f e r  
record 
Input  f l a g  t o  bypass in te rpo-  
l a t i o n  o f  telemetered data. 
This i s  used on ly  when actual 
telemetered values for  speci - 
f i e d  times are t o  be used 
I/ (N. D. ! 
Element loca t ions  f o r  t im ing  
d i f fe rence computation f o r  
i nne r  gimbal angle 
I/ ( k .  D. ) IMID(1) & (2) 
1 
= 0 f o r  i n te rpo la ted  te le -  
metered data 
I 
1,' (Y .D. )  
Word loca t ions  c f  middle gim- 
ba l  angles i n  downlink b u f f e r  
record 
I /  (I;. D. ) 
I 
I# 0 f o r  bypassing the i n t e r -  
p c l z t i o n  o f  telemetervd 
data 
IiqID(3) S ( 4 )  Element loca t ions  f o r  t im ing  
d i f fe rence computations f o r  
middle gimbal angles 
Table 4-4. Second Data Card Group (Cc-r~tinued) 
(flame1 i s  t Input/INPUTl/ j 
Input 
Variable 
I P ROBE 
I 
Description Type/ Input Val ue (Uni t )  
Wcrd locations o f  outer gimbal 
angles i n  dwn l ink  tspe buf fer  
record 
I/ (M.D.) 
Element !ocations f o r  t i c i n g  
d i  fference c q u t a t i  ons f o r  
o3ter gimbal angles 
= 1 f o r  nominal w i th  addi- 
t i ona l  p r in tou t  f o r  
detection o f  improper 
telemetered o r  i t a t e  vec- 
t o r  input  
1,' ( I .  !!. 1 
Input  f l ag  f o r  diagnostic 
? r in tou t  
= O f o r  nominal p r in tou t  
1/0 (r1 .D. )  
ilurnber o f  pairs o f  Footprint 
~ o i n t s  required 
Input  f l a g  o f  instrunent sen- I I/ (1I.D.) 
59r ( i n c l  uding camera) I h s i  gnation I 
111 (N.D. ) 
d locations o f  sextant 
angles i n  downlink tape 
I =  1 f o r  sextant camera I 
I / ( ! I .  D. ) 
I =  2 f o r  SIM-bay napping cam- 
I era o r  qar sounder = 3 f o r  s t e l l a r  camera I= 4 f o r  panoramic camera / I= 5 f o r  in f ra red  scanner I I = 6 f o r  window milnted cameras I I 
l lnput  f l a g  f o r  s t e l l a r  camera 111 (N.D. ) 
ISLT 2 f o r  s t e l l a r  camera 














Table 4-4. Second Data Card Group (Continued) 
(Jamel i s t Input/ INPUTl/) 
Input dumny frame number o f  
s t a r  pat tern (it should be a 
nonzero dunny frame n u h e r  
beyond the stop time) 
Des c r i  p ti on 
Inpi i t  real  frame number o f  
s t a r  pat tern t o  be predicted 
Type/Input Val ue(Uni t )  I 
I P r i n t  f l a g  option f o r  i n t e r -  mediate APE pr in tou t  I 
= 0 do p r i n t  the i n te r -  
mediate p r in tou t  
# 0 do not  p r i n t  the i n te r -  
m d i  ate p r in tou t  
I riumber o f  f i l e s  t o  be skipped 3n state vector input  data 1 tape 
Element locat ion o f  TNOW f o r  
t iming d i  fference computations 
I Word locat ion o f  TFlOW i n  dowc- l i n k  tape buf fer  record I 
Flag option f o r  generation o f  
APE output D-tape I I= 1 output on D-tape I I # 1 do no t  create D-tape I 
Year o f  launch 
Month o f  launch 
Day o f  launch 
Hour o f  launch 
Minute o f  launch 
Second o f  launch 
The mode ind icator  should be 
= 2.0 always f o r  the Apollo 




I/ (N. 0. ) 
I/ (N.D.) 
i / (N.. D. ) 
11 (N.D.) 
I / (N.D.) 
I/ (year) 
I /  (month) 
I / (day) 
I 1 (hour) 
I/ (minute) 
I / (second) 
Real/ (N.D.) 
?eal/ (N.D. ) 
Table 4-4. Second Data Card Group (Continued) 






P H I I R S  
PHIMAP 
RE 






The s t a r  catalog i n p u t  tape 
(usual ly  = 27, as X-tape) 
Window-mounted camera posi - 
t i o n i n g  angle between the 
negat ive calnera Z-axis and i t s  
p ro jec t ion  onto the X-Y plane 
measured p o s i t i v e  toward the 
camera ax i  s 
Windaw-mounted camera posi - 
t i o n i n g  angle between space- 
c r a f t  body X-axis and the pro- 
j e c t i o n  o f  the negat ive camera 
Z-axis onto the body X-Y plane, 
measured p o s i t i v e  toward the 
camra ax is  p ro jec t i on  
The SIM-bay I R  s c a n n i n ~  radio-  
meter center l i n e  r o l l  posi -  
t i o n  mounting angle, +, as 
sham i n  Figure 2-2 
The SIM-bay mapping camera 
center l i n e  ro l l  pos i t i on  
mounting angle, 4,  as shown i n  
Figure 2-2 
Conversion f a c t o r  t o  convert  
Earth r a d i i  t o  km 
Transformation mat r i  x f r o m  
mean o f  NBY t o  the vehic le 
p la t fo rm coordinate system 
The SIM-bay mapping camera yaw 
pos i t i on ing  angle as shown i n  
Figure 2-2 
Moon's l o c a l  radius 
Uncersainty i n  valuc o f  inner  
gimbal angle 





Real / (degree 
d.p./6378.165D+O(krn) 
d.p./ (N.D.) 
d.p. / (degree) 
( s e t  270.0 degree only  
f o r  n q p i n g  and panoram- 
i c  camera) 
* p./1736.1D+O(km) 
Real/ (degree) 
Table 4-4. Second Data Card Group (Continued) 
(Name1 i s t  Input/INPUTl/) 
Type/Input Value(Uni t) 
Real/ ( degree ) 
Real / (degree) 
Real/ (degree ) 
Real/ (degree 
Real/ (degree ) 






S I GGAM 
SIGGPR 
SIGINT 
S I GPW 
Description 
Uncertainty i n  value o f  sex- 
tant  camera shaf t  angle 
Uncertainty i n  value o f  
window-mounted camera posi- 
t i on ing  angle 6 (OPTDEL) 
Uncertainty i n  value o f  
window-mounted camera posi - 
t ion ing  angle y (OPTANG) 
Uncertainty i n  value o f  sex- 
tant  camera posi t ioning angle 
y ' (SXLAMB) 
Uncertainty i n  value o f  s t e l -  
1 ar  camera posi t ioning yaw 
angle 
Uncertainty i n  value o f  s t e l -  
l a r  camera posi t ioning p i t ch  
S IGPSI  
S I GRHO 
S I G R l  
SIGR2 
S I GR3 
S I GTAU 
angle 
Uncertainty i n  v a l e  of outer 
gimbal angle 
Uncertainty i n  value o f  camera 
alignment about the camera 
posi t ioning r o l l  angle 
Uncertainty i n  f i r s t  REFSMAT 
rotat ion,  p l ,  about YNBy 
Uncertainty i n  secondary 
REFSMAT rotdt ion,  p 2 ,  about 
intermediate Z-axis 
Uncertainty ' 7 t e r t i a r y  
REFSMMAT rotat ion,  p3, about 
IMU X-axis 
Uncertainty i n  camra shutter 
ti me 
?eal/ (degree) 
Real/ ( degree ) 
Real/ (degree 1 
Real / (degree ) 
Real / (degree 
Real/ ( 1 
Table 4-4. Second Data Card Group (Continued) 
(Name! i s t  Input l INPUTli  j 
Input  






S TRTW I STRTSC 
S X LAMB 
TAU 
TAUTME 
TDATA(1,l). . . 
( 1  910) 
TDATA(2,1).. . 
(2,lO) 
TDATA(3,l). . . 
(3,101 




Uncertainty i n  value o f  the 
middle gimbal angle 
Uncertainty i n  value o f  the 
sextant camera t runnion angle 
Stop and s t a r t  times f o r  de- 
s i r e d  i n t e r v a l  o f  s t a t e  data 
from tape. Used only  when 
s t a t e  data are read from tape 
Sextant :amera posi t i o n i  ng 
angle between the sextant  
Z-axis and the spacecraft  body 
Z-axis, measured p o s i t i v e  from 
the body ax is  
The excursion angle, T ,  o f  
panoramic camera 
The value o f  uncer ta inty  i n  
camera snu t te r  time 
The i n p u t  f lag ,  ITDAT; 
i f  ITDAT (=7 ATA 
(1,i) = 0.0, then low 
b i t  rate; i f  ITDAT 
(=TDATA(l,i)) = 1.0, 
then h igh b i t  r a t e  
The maximum t ime between ad- 
jacent  t ime po in ts  f o r  data 
i n te rpo la t i on  




I /  (hour) 
I/ (min) 
Real/ (set) 
I /  (hour) (mi n ) 
Real / (set) 
Real/ (degree) 
Real / (degree 
Real/ (min) 
Real / (14. D. ) 
Real/ b e d  
Real / (min) 
Real/ (hour) 
Real/ (min) 
Table 4-4. Second Data Card Group (Continued) 
(Name1 i s t  Input/INPUTl/) 
The f o l l o w i n g  119 var iab les  (TVs) i n  namelist/INPUTl/ are n o t  used i n  APE 
and should be ignored. 
TV i n  the  namelist/INPUTl/ I
ALPC 
APL(1) and (2) 
APW(1) and (2)  
BRILL 
CAM(1),(2) ,(3),(4) ,(5) ,(6), and (7 )  
CAMA(3) 
CANQ(1) and (2 )  
CC(1),(2),(3), and ( 4 )  
CCC(1),(2),(3) ,(4),(5),(6) ,(7),(8), and (9)  
CO~TRL(  1) , (2),  (3), ( 4 ) ,  and (5) 
CTM 
D ( l )  and (2) 
DELC 




F RAME 1 
FRINC 
G 
G 1  
I RU 
ITRUN(1),(2) ,(3), and (4 )  
KINTPC 
KON F I  X 
KON S T 
KOP AN 




































TIMEI(1 . . . (6) 
TIMEP(11 ...( 6) 
Table 4-5. T h i r d  Data Card Group For 
SIt1-Cay !lappi ng/Stel  1ar  Carnera 
Read i n  a t  sequences :!385 an: #543 w i  t h  FORMAT #I787 f o r  the SIM-bay 
mapping camera and a t  sequence #561 w i t h  FORMAT #I998 f o r  the  s t e l l a r  
camera. 
( i )  RS i s  n o t  required. 
( i i )  Ex t ra  cards con ta in ing  " X "  i n  colunn L have t o  be added t o  match 
every dumny, nonphoto t im ing  record on the t r a j e c t o r y  FORMAT3 
tape. I n  t h i s  way the t h i r d  data card group insures t h a t  the t ime 
tags o f  t r a j e c t o r y  records and o f  t he  s h d t t e r  times are matched. 
I npu t  




I l i R  






I 4  
A 1  
I 2  
I 2  














Descr ip t ion  
- 
Frame nrrmber 
Flag designat ion t o  s k i p  the non- 
photo t i m i ~ g  record i n  t r a j e c t o r y  
tape i f I:Z = " X "  
Photo s h u t t e r  t ime 
Laser a l t i m e t e r  s l a n t  range i n  
(meter ) 
Table 4-6. Fourth Data Card Group 
(Name1 i s t  Input/INPUT2/) 
Read i n  a t  sequence #424 ii IFLAG = 0 o r  2. 
k s c r i  p t i  on 
B '  - sextant s h a f t  angle 
e - sextant trunnion angle 
k - vehic le v e l o c i t y  component i n  
selenographic coordinates 
- vehic le ve loc i t y  component i n  
selenographi c coordinates 
- vehic le v e l o c i t y  component i n  
se l  enographi c coordinates 
B - inne r  gimbal angle 
e - middle gimbal angle 
1 - outer  gimbal angle 
X - veh ic le  p o s i t i o n  component i n  
selenographi c coordinates 
Y - vehic le p o s i t i o n  component i n  
selenographi c coordinates 
Z - vehic le pos i t i on  component i n  
selenographi c coordinates 


























POS (2 )  
















Table 4-7. F i f t h  Data Card Group - Panoramic Camera 
Data Cards 








I H R  
I M I N  
FSEC 
i 
An ex t ra  card containing an " X "  i n  column 2 must be i n p u t  t o  match every 
dummy, nonphotographic t iming record o f  the t r a j e c t o r y  FORMAT3 tape. I n  
t h i s  way the t h i r d  data card group insures tha t  the time tags o f  the t r a -  
j ec to ry  records and o f  the panoramic camera shu t te r  times are matched. 
Format 
A 1 
I 4  
I 2  
I 2  









Descri p t i  on 
The i n p u t  d i rec t i on  designator 
= V f o r  v e r t i c a l  posi t ioned "mono" 
mode 
= F f o r  forward posi t ioned "stereo" 
mode 
= A f o r  a f t  posi t ioned "stereo" 
mode 
= X f o r  sk ipping one t r a j e c t o r y  
record 
Frame number ( f o u r  d ig i t ;  ) 
I AET shu t te r  t ime f o r  panoramic camera 
Table 4-8. Tape and Fastrand 1'-i t Assignments 








**TRI.J00157 i s  used f o r  CSM mounted cameras, the panoramic camera, and the 
lunar  sounder. TRW00163 i s  used f o r  the  I R  scanner. These tapes are 
avai l a b l e  i n  the TRW ancient tape 1 i brary. 
Tape Uni t 
Tape Des c r i  p ti on 
L19$ P1 anetar~ 'phern- 
:!is tape (Fastrand) 
HOPE specia l  t r a j e c t o r y  
FORMATJ tape 
Gimbal data tape 
Apol lo Photo Evaluat ion 
Star  Catalog 
APE Output Tape 
APE program PCF tape 
1 s t  f i l e . .  . re locatable 
only  
2nd f i l e . .  .symbolic 
only  
1 / 0 ~ n i t  










7/8R ASG A=$JPLII) 
7/8R ASG B=nbbbb 
7/8R ASG C=Tccccc 
7/8R ASG X=00158* 
7/8RS AS6 bTSAVE 
7/83 ASG Z=00157*" 
001 63 







4.1.2.2 Input  Tra jectory Data Tape 
The APE i npu t  vehic le ephemeris data tape ~ u s t  be i n  the HOPE special  
t r a j e c t o r y  format 3 spec i f ied  below i n  T a b l c ~  4-9 thr:-.lgh 4-11. 
Table 4-9. I d e n t i f i c a t i o n  Record f o r  the Format 3 Tra jectory 































HPETME15{ ETME 6 




. . . (1 0) 
HPEHOL( 11 ) 
. 
Descri p t i  G ~ I  
Year (mod. 1900) 
Month 
Hour Day Base Time 
M i  nute 
Second 
Minutes from launch t o  the base time 
R i  ght  ascension o f  Greenwich, midnight 
day o f  launch (base time i f  GET = zero) 
Right ascension o f  Greenwich, midnight 
o f  base day 
Ten word BCD t i t l e  (60 alphanumeric 
characters) read i n  on the t i t l e  c l r d  
o f  HOPE run 
BCD program i n d i  cato* : "HOPEbb" or 
Table 4-10. Data Pscords o f  Format 3 Tra jec to ry  Tape 
(Uni ts  i n  e. r., minutes, and radian, except DUM82(44) = LI radjsec. ) 









t i o n  
L: 
TV 
\?lo r d  
1-2 
















DUM82(20) ,(21) , 
and (22) 
















Descr ip t ion 
Time f r o m  base time, i n  
mi nu tes 
Vehicle p o s i t i o n  vector,  
geocentr ic,  MOF50 
Vehicle v e l o c i t y  vector, 
geocen tri c , MOF50 
Vehi c l e  accelerat ion 
vector, geocentri c, MOF50 
I 
Vehicle p o s i t i o n  vector, 
selenocentr i  c, MOF50 
Vehicle v e l o c i t y  vector, 
selenocentr i  c, MOF50 
Vehicle acce lemt ion  vec- 
to r ,  selenocen' ;ic, MOF50 
Vehicle p o s i t i o n  vector, 
selenographi c 
Vehicle ve l  oc i  t y  vector, 
se l  enographi c 
Vehicle acce le ra t ion  vec- 
t o r ,  selenographi c 
37)VehicleP.V.A. vector, 
ECT(RTCC) 
D i r e c t i o n c o s i n e s o f S u n ,  
geocentri c, MOF50 
D i rec t i on  cosines o f  Sun, 
selenocentr ic,  MOF50 
I R  scanning radiometer 
shaf t  r o t a t i o n  ra te ,  u 
i n  radian/sec only  f o r  
the case o f  the  nonstand- 
a rd  FORMAT3 t r a j e c t o r y  
tzpe; otherwise, zero 
TV conta in ing O.OD+O 





















Table 4-10. Data Records o f  Format 3 Tra jec to ry  Tape (Continued) 
I d e n t i f i e r  
Sun Direc- 
ti on 
k s c r i  p t i o n  




TV (no t  used) 
Semi -major axis (a) 
E c c m t r i  c i  t y  o f  o rb i  +. (e )  
I n c l i n a t i o n  (i ) 
, Congi t t d e  o f  ascending 
'node (2 )  
Argument o f  p e r i  focus (u) 
Eccentr ic  anomaly (E ; 
Mean anomaly (M) 
La t i tude  ( 4 )  
Longi tude ( A )  
Selenographi c covari  ance 
mat r i x  i n  lower t r i ang -  
u l  a r  form 
TV (not  used) 
TY pe 
DP 





























COVMF,T(l). . . (21 ) 
EOREOF 
147-148 










Table 4-11. Terminator Record o f  the Format 3 T ra jec to r y  Tape 





DP I OUM82(1). . - ,32) T'J !not used) I I 




DP ICOV)IAT(~: . ( ~ ~ ) I T v  (no t  usedl I 




lwas l a s t  case I 
I I 
Real 
4.1.2.3 I npu t  Vehicle A t t i t u d e  (Gimbal) Data Tape 
"LC)R" i f addi- 
t i o n a l  cases 
f o l  lo.& 
"EOF" i f  t h i s  
The veh i c l e  a t , t i t ude  data requ i red  f c r  APE computatic-IS can be i n p u t  
by tape i n  e i t h e r  o f  the formats ue f ined  i n  Tables -.-.I2 and 4-13. Regard- 
less  o f  which format i s  used, the tape contents must be f r e e  o f  ii i l  anomo- 
laus data. 
The Pgo l lo  Standard CSM Dowrlink Data Format 
- 
This, a "non-FORTRW" data tape presents the  data i n  516 word phys icd l  
records. There are no con t ro l  words. Each phys ica l  r ecc~ rd  presents twc 
sets  o f  gimbal angles and a s i n g l e  data record  t ime. The f i r s t  gimbal qngl r  
s e t  corresponds t o  a t ime .84 seconds p r i o r  t c  record t ime whi - -he secc~li;; 
L s e t  corresponds t o  a t ime .16 seconds a f t e r  recc rd  time. The eel rd i o r -  
mat i s  de f ined  i n  Table 4-12. 
Apol lo  BMPROG Gimbal Anqle Data Tape 
The BMPROG gcrnbal angle dats tape presents cht .;.:ni yi c d l l v  orc;ered 
CSM gimbal angle sets.  each w i t h  a unique t ime tag. ;j-:~ p ~ y s i c a l  .record 
contains 20 such data sets  along w i t h  th ree  comnand wo\ads. The 83 w ~ r d  
BMPROG data record  format  i s  st la,  n Table 4- i3.  
Table 4-12. Pre-Apollo 15 (Downlink) Gimbal Tape Format 
+. . 3 Real 
1 02 









213 1 Real 
I Variable 
Uni t k s c r i  pt ior.  
I - 141 TV (not used) I 
CDUY=TGI ( I )  
ficne 








'auter gimbal angle a t  time, I TGOTME ( I )
Inner i d 3 1  aqgle a t  time, I TGITMEqI) 
I Middle gimbal d g l e  a t  time, T W E ( 1 )  
156 TV (nr t used) 
(sextant trunnion angle 
Degree Sextant shaf t  angle 
- 53 TV (not  used) 
SecmJ Record time 




I Outer g i ~ a l  angle a t  time, TGOTME (J ) I Inner g i d a l  ancjle a t  time, TG@rnE(J) I Middie nimb8l angle a t  t ime ,  
ITGOTME (J) 
136 TV (not used) 
lone TV ( i t  i s  not  used, but  i t  
lwas CDUT) 
1303 TV (not  used) 





Word I Type Descr ipt ion 
Ginbal time #1 
Uni t 
Second 1 
Gimbal angle, TGO a t  t ime # 1  
Gimbal angle, TGI a t  t ime # 1  
Gimbal angle, IGM a t  t ime #1 
Gimbal t ime #2 
Ginbal angle, TGO a t  time #2 
Gimbal angle, TGI a t  time i 2  
Gimbal angle, TW a t  time #2 
Gimbal t ime #29 
Gimbal angle, TGO a t  t ime #20 
Gimbal angle, TGJ a t  t ime #20 



























































4.1.2.4 Apol lo Photo tva lua t ion  Star  Catalog 
For the special  " s t e l l a r  camera" appl icat ion, the i npu t  on u n i t  X o f  
' .~e  special  " A ~ o l l o  Photo Evaluation" s t a r  cata lcg tape i s  required. This 
catalog, a specia l  arrangement of s p e c i f i c  data extracted from the SAO s t a r  
catalog tape, resides i n  the TWI ancient tape l i b r a r y  (Tape 00158). Each 
physical data record contains f i f t y  (50) 7-word l o g i c a l  records. The data 
record f o m t  i s  described b e l w  i n  Table 4-14. 





































SAO s t a r  n m k r  
Magni tude o f  brightness 
SAO ri ght  ascension i n  the 
mean o f  1950.0 
5AOr ightascens ion (FKIFSO) 
proper motion 
SAO dec l ina t ion  i n  the mean o f  
:950.0 
SAO dec l ina t ion  (NF50) proper 
motion 
Boss s t a r  number 
(the second s e t  o f  the seven 
variables, the  same as above' 
( the t h i r d  s e t  o f  the scven 
variables, tb,e sane as above) 
( the 76 sets, from 4th  t o  19th, 
o f  the seven variables, the 
same as above) 
( the 20th s e t  o f  seven v a r i -  
ables, the same as above) 
v z r i  abl e 
;jar,= 





A(6 ,I ) 
A(6,l) 
A( i  ,2), 
where i =  
1, ... 7 
A( i  ,3), 
where i =  
1,...7 
A ( i  ,j;, 
where i =  
1 ,. . .7; 
j=4,. . -19 
A( i  ,20), 
where i= 
1, ... 7 
4.1.2.5 APE PCF Tapes 
The APE PCF tapes, TWO0157 and TRW00163, are located i n  the TRW 
an -l'ent tape l i b ra r y  a t  TRU Systems Group, Houston Operations f a c i l i t y .  
The f i r s t  f i l e  o f  these tapes contains a l l  o f  the relocatable elements, 
while the second f i l e  contains a l l  of the symbolic elements. TWO0157 i s  
used f o r  a l l  CSM fixed-mounted cameras, the panoramic camera (wi th  the 
a l te rs  defined i n  Appendix A. 1 ) , and the lunar sounder (with the a l te rs  
defined i n  Aopendix A.2). TWO0163 i s  used for I R  scanner applications. 
4.2 OUTPUT 
For a genei-a1 application, APE prdd~ces the standard on-line pr intouts 
and standard output D-tapes. The former are defined and described i n  Table 
2-1, and the formats o f  the l a t t e r  are described i n  Table 4-15. For a 
speci a1 appl i cation, APE produces various speci a1 output tapes. These are 
described .n Tables 4-16 through 4-18. 
The on-1 ine pr intouts can be duplicated on the 4060 f i l m  by request. 
The addit ional three control cards, VPLT, vL FPR, and ON FPR, are required 
f o r  the f i l m  p lo t t ing.  
For the s t e l l a r  camera case (ISHFTR = 3), the special on-line p lo ts  
are produced t o  simulate the s ta r  patterns. I n  t:w fo l lowing two subsec- 
ti ons, tne tape outputs and the on-1 i ne outputs are described i n  detai 1. 
4.2.1 Tape 
For the general application, APE produces the standard output &tape 
as specif ied i n  Tabel 4-15 i f  the input  f l a g  option, IPTOUT, i s  set  t o  one 
iITPOUT = 1). 
For the special applications, APE produces the fol lowing special out- 
put  tapes: 
" i R  Scanner Output Tape," Table 4-16 
"Lunar Sounder Output Tape," Table ! -1, 
"Lunar Sounder Formatted Output Tape," Table 4-18 
4.2.1.1 The Standard Output D-Tape 
The general appl ication o f  APE w i l l  produce the standard output O-tape 
i f  the input f l a g  option, IPTOUT, i s  set  t o  one (ITPOUT = 1). The standard 
Table 4-15. Format o f  the Standard Cutput 0-Tape 
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FSEC 
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GDB(4). . . (6)  
X(1) ...( 3) 






























Descri p t i  on 
Year (mod. 1900) 
1 
Month 
Day I Base T'w Hour ( GMT ; Minute Second 
Day 
























Minute  minute I launch (as defined 
Second 
" Km/sec { 























Second by card inputs)  
Vehicle state vector, X and X, i n  
selenocentri c mean o f  1950.0 
Vehicle state vector, X and X, i n  
selenogra7hi c 
Longi tude o f  vehi c l  e nadi r po in t  
La t i  tude o f  vehi c l  e nadi \. po in t  
i o n ~ i  tude o f  camera axis in te rsec t  
Lati tude o f  camera axis in te rsec t  
Vehi c l e  radi  us 
Vehicle a1 ti tude 
Scale fac tor  
Azimuth o f  ve loc i ty  vector 
Mean d l  ti tuck rate 
Hori zon t a l  vel oci t;~ 
Ti 1 t azimuth 
~ i I t  a n ~ l e  
S i  gna t i 1  t azimuth 
S i  gma ti 1 t angle 
Sun elevation a t  p r inc ipa l  ground 
point  
Sun azimuth a t  pr inc ipa l  grollnd 
point  
Longitude o f  subsolar po in t  
Lati tude o f  subsolar po in t  
Alpha (see Table 2-1) angle 
S w i m  (see Table 2-1) angle 





































Table 4-15. Format o f  the Standard Output D-Tape (Continued) 
T 
Description 
Sigma swing angle 
Fhase angle 
North deviat ion ang;e 
PH I 
X - t i l t  angle 
Sigma PHI  
S igm X - t i l t  
KAPPA 
Y-t i1 t 
Sigma KAPPA 





Vehicle (1 aser) a1 ti tude 
Laser s l m t  range 
Selenographi c d i rec t ion cosines 
o f  camera axes 
Magnitude o f  vector f r o m  camera 
t o  pr inc ipa l  ground po in t  
Elements o f  the transformation 
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DUP!C{lC) ...( 18) 
PFOOT(1 ,I). . .
(891 
IRA(1) = IRAHRS 




















matr i  x , LH2CAM 
Photograph foo tp r in t  ( l a t i tude  
and longitude o f  four comers) 
Right ascension o f  s te l l .?? 
photo center 
Declination o f  s t e l l a r  photo 
center 
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Descri p ti on 
T;qe (GMT) / 
Vehicle s t a t e  vector, X and X, 
i n  selenocentr ic,  mean o f  
1950.0 
Longitude o f  nad i r  p o i n t  
La t i tude o f  n a d i r  p o i n t  
Outer gimbal angle 
Inner  gimbal angle 



























































































































































































































































































































































































output D-tape consists o f  three par ts  which are the i d e n t i f i c a t i o n  record, 
the data records, and the terminat ion record. l'he i d e n t i f i c a t i o n  record i s  
the f i r s t  record o f  the tape and i s  i n  the same format a: the i d e n t i f i c a -  
t i o n  record f o r  the HOPE special  t r a j e c t o r y  f o m a t  2 t: . , .~ defined i n  Table 
4-9. The terminator record i s  the l a s t  record o i ' ; a t ~ d a r d  tape and i s  
i n  the same format as the terminator record fo r  :, , ~ ~ 1 ' 7  spoci a1 t r a  jec  Lory 
fonnat 3 tape defined i n  Table 4-11. The data r-.. - ,  r ,ansists o f  96 s ing le  
precis ion words and i s  def ined i n  Table 4-15. 
4.2.1.2 The Special Output D-Tape f o r  Panoramic Camera 
The output D-tapes produced from panoramic camera APE appl icat ions, 
by se t t i ng  ITPOUT = 1, are only s l i g h t l y  d i f f e r e n t  i n  c o n t e ~ t  and format 
from those produced from generalized APE appl icat ions (Section 4.2.1 .I). 
The t i t l e  and terminat ing records are, as f o r  the generalized appl icat ion, 
i den t i  cal  w i t h  the i  r HUPE speci a1 t ra jec tc -y  fonnat 3 counterparts. For the 
par,wamic camera nppl icat ions, the f i r s t  90 words o f  the data records are 
def iced i n  Table 4-1 5 and are i den t i ca l  w i t h  t h e i r  general i zed  app l ica t ion  
counterparts. The remaining words are defined be1 ow. 
Data Words IJ!LE Variable Name 
91 -98 Real PFOOT(1 ,I). . (8,l). Inner photograph 
f o o t p r i n t  (1 a t i  tude and 1 ongi tude o f  
four  corners) 
4.2.1.3 The Speci a1 Output D-Tape f o r  I R  Scanner 
The i d e n t i f i c a t i o n  record i s  the f i r s t  record o f  the tape, and the 
format i s  o f  the same f ~ r m a t  as t h a t  f o r  the HOPE special  t r a j e c t o r y  format 
3, i d e n t i f i c a t i o n  record, which has been defined i n  Table 4-9. 
The terminator record i s  the l a s t  r e c ~ r d  o f  the special  thpe and i s  o f  
the f o m a t  defined i n  Table 4-11. 
Each data record consists o f  n ine  l o g i c a l  records o f  28 s ingle-precis ion 
words each. The contents o f  each l o g i c a l  record are def ined i n  Table 4-10. 
4.2.1 .4 The Spec! 31 Output F- m d  €-Tape f o r  Lunar Sounder 
The special  app l ica t ion  o f  APE, w i t h  the a l t e r  decks o f  Appendix A.2 
fo r  subroutines APECGM and EVAL. produce two special  lunar  sounder output 
tapes, F-tape and E-tape. 
The special  tape, F-tape, i s  an un fomat ted  b inary tape def ined i n  
Table 4-17. 
The special  tape, E-tape, i s  3 formatted output tape def ined i n  
Table 4-18. 
4.2.2 L i s t i n g  
I n  t h i s  section, various on- l ine output examples are presented both 
f o r  the gencral appl icat ions and the specia l  appl icat ions o f  APE. The 
fo i low ing i s  a l i s t  o f  these examples. 
Figure 4-2 Nominal On-Line Output, General Appl icat ion o f  
APE fo r  the SIM-Bay Mapping Camera 
Figure 4-3 Special On-Li ne Out+t, 'Speci a1 Appl i cat ion  of 
APE fo r  the S t e l l a r  Camera 
Figure 4-4 Speci a1 On-Line Output, Speci a1 Appl i c a t i  on o f  
APE for  the I R  Scanner 
Figure 4-5 Special On-Line Output, Special Appl icat ion o f  
APE f o r  the Lunar Sounder 
Figure 4-6 Nominal On-Li ne Output, General Appl i cat ion o f  
APE f o r  the Panoramic Camera 
Figure 4-7 On-Line P r in tou t  o f  the N;r,ielist Input  Variables 
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APE ALTER DECKS 
Alter decks to  Tape TRW00'157 are required for the generation of 
support data for the panoramic camera and the lunar sounder. Sections A.l 
and A.2 l i s t  the associated al ters  for  each applicat.ion. 
A.l APE ALTERS FOR THE PANORAMIC CAMERA 
The required al ters  for the generation of panoramic camera support 
data are l is&d below. 
ASG 2=A04089  
'SW ASG D=ASAVE 
A S G  A ' B J P L ~ ~  
X Q T  CUR 
TRW Z 
E R S  
I N  t 
I N  z 
TRI  Z 
FOR,* EVAL,EVAL 
- 7 3 , 7 3  
DIMENSION TAPMAP(98) 
- 5 3 7 , 5 4 2  
TAPMAP(31)= PFOOT(1 ,2 )  
TAPMA"(92) '  P F 3 O T ( 2 , 2 )  
TAPMAP(93)= PFOOT(3 ,2 )  
TAPMAP(94)z  PFOOT(4 ,Z )  
TAPMAP(95) '  PFOOT(5 ,2 )  
TAPMAP(96) '  PFOOT(6.2)  
TAPMAP(97)= PFOOT(7 .2 )  
TkPMAP(98) -  PFOOT(8.21 
A.2 WE ALTERS FOR THE LWAR SOUNDER 
T". isequired alters for t!e generation of lunar sounder support data 
are ; I :st: ,elm. 
' A l f  L=Tco097 
' 5 r F ~  456  E Z A S A V E  
. 3 W  ASG F Z A S A V E I  
aSG A = S J P L 1 9  






'hi ,* P'i l,'-T$,APECOM 
-7 1 
C'3p4,u::..1 .- r;-1 M@AI. / G I Y R A I  3 ) 
- 3  77 
G;'??.aL: -.:= G I M R ( 1  ] 
. ,b-;<.?! - ';. , = 
- G I W A ~ ~ )  
c . i* r fp ;  i 3 ) =  G l u R ( ' J )  
-3s?*:Et 
- 0 r 1 t . t ~ :  
-41 7 * f * : 6  
G1?9:+:::)= 0.0 
--7!7-'8PL ( 2 )  = 0.f) 
G i u 3 . & ~ < 3 : =  9.0 
LLYGz *:8$TAN?(PSC( 21 , P 5 G (  1 )  1 /PTOR 
i A T =  ~~IAYlPSG(3)/0~QRT(PSG(1)**2+PSG(2)**2))/9TOR 
~ . i ~ A i . r =  vElrR 
I F  : * Z N T W . G T . ~ )  DYE&R= D Y F A R + l . Q D O  
l ! J i ) l =  2 4 3 3 2 8 2 - & 2 3 3 5 7 @ 0 +  3 6 5 - 2 ~ 2 1 9 9 9 0 * ( D Y E A R - 1 9 5 0 * O D O )  
< $ . ' , I .  ~ ~ ~ T A T ~ ( J ~ ~ ~ ~ O , ~ ! J D ~ , ~ ~ , D E T U T ~ C U M ~ ~ (  1 1  1  r D ( ~ M 2 8 (  11) 9 2 1  
i G 3 i A T 2 f  JI:1950r{jJ31 r l S , D E ? V T , O U M 8 2 (  1 4 1  , D U M 2 8 (  1 4 )  -2) 
C w L a c z o ) =  I X J Y ~ ~ ( ~ O I *  i . n D i o  
: > ' J Y 2 8 ( 2 1 ) =  D l ~ H 8 2 ( ? 1 ) *  1.0010 
OLv26!22)= O Q W 3 2 ! 2 2 ) *  1-0010 
~ , ~ W Z B ( 2 3 ) =  % ~ M O 2 ( 2 3 1 *  !.OT)10 
CUM281 2 4 )  - D ~ p 8 2 ( 2 4 ) *  1 0 0 L 1 0  
1 ? ~ H 2 e ( 2 5 ) =  O ~ M 6 2 ( 2 5 ) *  1 . 0 P 1 0  
- S 4 Z r t . i 7  
- l a : b . ? k l 9  
z%C=ILE 7 
ENur i ~ t  ij 
RE WIN^ 7 
REWIND 8 
' Y  FOR,* EVALvEY4L 
-72 
PIYENSION B U F ~ ( B I  
COMMON /GIMRAL/ GIMPAL(3)  
- 9 7 ~ 9 8  





1025 F O R M A T ~ \ H O I ~ O X ~ ~ A P O ~ L ~ ~ X I ~ ~ ~ X ~ A ~ ~ ~ X ~ H P A G E  - ,A l , lX , I4 )  
-285.491 
WRITE :6,2047) GIMBAL 
2043 FORMAT ( 1 H  920x1 7tiGIYBALS, 3 F l l - 3 1  
CO l r )  K =  1 - 6  
9 U F l ( I O =  C D R ( K )  
10 C ~ N T I N U E  
R U F 1 ( 7 ) =  LONG 
R U F l t 8 ) =  L A T  
NHR= GNTME/3600*ODO 
THR= NHR 
Y IN=  ( G N T ~ E - T H R + ~ ~ ~ ~ ~ O ~ D O ~ / ~ ~ ~ O O C ,  
TM= MIN 
5 E C =  ( G N T M E - T H R * ~ ~ o ~ ~ O D O - T M * ~ C ~ ~ ~ ! D A )  
WHITE ( 8 )  THR,TM~SEC,B~IF~ rGIMBAL 
WRITE ( 7 r 1 0 0 1  THR,T~,SEC,BUF~ 
WRITE (7.101)  THR,Tkq,SEC,SIMBAL 
RETUR:~ 
100  FORMAT (F5*O,F40O,F603r3F1307~3Flla7,F803rF7.3) 
1 0 1  FORMAT (FS*O,F4*0rF6.?,3F803) 
' X Q T  T 1  
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